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(57) ABSTRACT 

Dynamic Addressing (DA) is provided that uses a Central 
iZed DA Manager to manage function calls, global variable, 
and constant variable references among components of 
softWare code. The DA Manager is generated during the 
process of linking the components and is loaded along With 
the code into client device memory. References from one 
component to another are stored in the DA Manager along 
With the address of each component. The DA Manager acts 
as a centralized router linking components during execution 
of the softWare so references from one component to another 
are routed via the DA Manager instead of directly betWeen 
the components. Therefore, changes to a component during 
?le upgrades that result in location changes of the compo 
nent in memory are recorded by the DA Manager, thereby 
maintaining the integrity of references to the component 
present in the code. 
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DYNAMIC ADDRESSING (DA) USING A 
CENTRALIZED DA MANAGER 

RELATED APPLICATIONS 

[0001] This application claims the bene?t of US. Patent 
Application No. 60/513,764, ?led Oct. 23, 2003. This appli 
cation is also a continuation-in-part application of US. 
patent application Ser. No. 10/298,458, ?led Nov. 18, 2002, 
both of Which are currently pending. 

[0002] This application is related to US. patent applica 
tion Ser. No. 10/146,545, ?led May 13, 2002, application 
Ser. No. 10/261,153, ?led Sep. 30, 2002, application Ser. 
No. 10/292,245, ?led Nov. 12, 2002, application Ser. No. 
10/298,393, ?led Nov. 18, 2002, application Ser. No. 
10/616,615, ?led Jul. 9, 2003, all of Which are currently 
pending. 

TECHNICAL FIELD 

[0003] The disclosed embodiments relate to memory man 
agement While upgrading and maintaining electronic ?les. 

BACKGROUND 

[0004] SoftWare is hosted or running on most electronic 
devices and includes one or more ?les in the form of 
human-readable American Standard Code for Information 
Interchange (“ASCII”) plain teXt ?les or binary code. The 
hosted softWare, Which runs on a processor or central 
processing unit (“CPU”), provides functionality in a host 
device but often changes over time. The softWare changes 
may result from the need to correct bugs, or errors, in the 
softWare ?les, adapt to evolving technologies, or add neW 
features and functions. In particular, embedded softWare 
components hosted on mobile Wireless devices often include 
numerous softWare bugs that require correction. 

[0005] The softWare or programs of a device include 
softWare ?les divided into smaller units that are often 
referred to as modules or components. In mobile Wireless 
devices, a real-time operating system (“RTOS”) is typically 
used in Which the hosted softWare modules or components 
of the device are linked as a single large ?le. This large 
softWare ?le is loaded, or embedded, into the device, and is 
typically stored in the read-only-memory (“ROM”) or ?ash 
ROM of the Wireless device. 

[0006] The hosted softWare ?les of a Wireless device can 
be updated to correct errors or add neW functions using a 
Wireless communication link or over-the-air (“OT ”) link 
like a radio link. Because of bandWidth, memory and other 
constraints relating to the Wireless device, updating the 
hosted softWare after the device has been commercially 
released requires special proprietary applications. An 
eXample of these proprietary applications includes the 
upgrade or update applications referred to as DeltaUpdateTM 
and DeltaReWriteTM available from InnoPath SoftWare, Inc. 
of Alviso, Calif.. These upgrade applications are also the 
subject of the Related Applications. 

[0007] Programs for the Wireless devices are typically 
stored in device memory using a method referred to as static 
addressing. After a program has been Written, it is compiled 
into computer-readable code during Which the different 
modules or components of code are linked. This results in 
What is knoWn as an image or memory image, Where an 
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image is an executable set of instructions in machine lan 
guage stored in the ROM of the host device. These programs 
are typically organiZed into a continuous stream of instruc 
tions, some of Which have references to instructions in other 
parts of the host device ROM. Because of this sequential and 
interconnecting architecture, the location of speci?c 
machine code Within the host device ROM is largely ?Xed, 
thus the terminology “static addressing”. 

[0008] Upgrading one part of the code of a host device 
using ?les received via an OTA link, even if the change is 
small, involves reWriting a large part of the host device 
ROM in order to re-sequence and adjust the references in the 
code. This makes the typical updating process tedious, 
error-prone, and time-consuming. Consequently, there is a 
need for Dynamic Addressing for use in upgrading softWare 
applications hosted on Wireless devices like cellular tele 
phones and other mobile communication devices, personal 
digital assistants (“PDAs”), and personal computers. 

BRIEF DESCRIPTION OF THE FIGURES 

[0009] FIG. 1 is a block diagram of a system including 
client devices With a Dynamic Addressing (“DA”) Manager, 
under an embodiment. 

[0010] FIG. 2 is a block diagram of an eXample service 
provider infrastructure, under an embodiment. 

[0011] FIG. 3 is a block diagram of DA shoWing interac 
tions betWeen the DAManager and the softWare components 
of an image, under an embodiment. 

[0012] FIGS. 4A and 4B shoW a How diagram for build 
ing an image that includes a DA Manager, under an embodi 
ment. 

[0013] FIG. 5 is a block diagram of the device memory 
shoWing an eXample of interaction among components of 
the memory including components of the softWare image, 
the upgrade client, and the DMM Client, under the embodi 
ments of FIGS. 1 and 3. 

[0014] FIG. 6 is a How diagram for upgrading an EBSC 
or EBSC group using DA, under an embodiment. 

[0015] FIG. 7 is a How diagram of a function call using 
DA, under an embodiment. 

[0016] FIG. 8 is a How diagram for reserving memory 
areas to accommodate neW versions of an EBSC, under an 
embodiment. 

[0017] FIG. 9 is a How diagram for locating memory 
blocks to accommodate neW versions of an EBSC, under an 
embodiment. 

[0018] FIG. 10 is a How diagram of garbage collection, 
under an embodiment. 

[0019] FIG. 11 is a block diagram of an embedded soft 
Ware development and deployment process using DA, under 
an embodiment. 

[0020] In the draWings, the same reference numbers iden 
tify identical or substantially similar elements or acts. To 
easily identify the discussion of any particular element or 
act, the most signi?cant digit or digits in a reference number 
refer to the Figure number in Which that element is ?rst 
introduced (e.g., element 126 is ?rst introduced and dis 
cussed With respect to FIG. 1). 
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DETAILED DESCRIPTION 

[0021] Dynamic Addressing for use in the update of 
software hosted on Wireless handsets and similar client 
devices is described herein. The DA of an embodiment 
includes organizing code stored in a device memory into 
groups of related components, also referred to herein as 
embedded softWare components (“EBSCs”). Any references 
from one component to another component are identi?ed 
and stored in a centralized and separate program referred to 
herein as the “DA Manager”, or the “Centralized DA Man 
ager”, along With the location or address of each component. 
The DA Manager is generated during the process of linking 
the EBSCs and is loaded along With the client device 
programs into the client device memory. 

[0022] In operation the DA Manager generally functions 
as a centralized router or sWitchboard that knoWs the symbol 
location of each EBSC of the client device and links EBSCs 
as required during the execution of the client device pro 
grams. Any reference from one EBSC to another EBSC is 
routed via the DA Manager instead of directly betWeen the 
EBSCs. Therefore, if a component is modi?ed during a ?le 
upgrade and the upgrade results in a location change of the 
EBSC in client device memory, this change is recorded by 
the DA Manager, thus maintaining the integrity of references 
or linkages to the EBSC present in the client device pro 
grams. 

[0023] Consequently the DA Manager provides an ef? 
cient and logical manner in Which to organize the machine 
code in client device memory. The DA Manager of an 
embodiment alloWs for additions, deletions and modi?ca 
tions to one or more portions (EBSCs) of the machine code 
Without rippling through and affecting the rest of the code 
stored in client device memory. In contrast, When using 
static addressing Where a change is made to a program stored 
in memory that includes the addition of several neW lines of 
code, all code folloWing the changed code is shifted doWn in 
the memory layout. This shifting of the code necessitates a 
change to any references or linkages present in the changed 
code. Thus a small program change can result in correspond 
ing and compensating changes in much of the machine code 
that is stored in the client device memory. 

[0024] The DA avoids the problems associated With static 
addressing because changes to an EBSC address need only 
be made once in the DA Manager, rather than throughout all 
of the client device programs. Since re-addressing is more 
ef?cient, the area of the client device memory allocated to 
speci?c blocks can also be reduced, resulting in a greater 
utilization of the available memory of the client device. And 
by limiting the reWriting of address changes to just the DA 
Manager, debugging, modifying and otherWise upgrading 
the client device softWare is accomplished in a much shorter 
time. This results in greater efficiency and signi?cantly 
reduces costs and lost revenue. It also provides for larger and 
more complex softWare doWnloads and updates than are 
capable With typical static addressing. 

[0025] In the folloWing description, numerous speci?c 
details are introduced to provide a thorough understanding 
of, and enabling description for, embodiments of the DA and 
DA Manager. One skilled in the relevant art, hoWever, Will 
recognize that the DA and DA Manager can be practiced 
Without one or more of the speci?c details, or With other 
components, systems, etc. In other instances, Well-knoWn 
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structures or operations are not shoWn, or are not described 
in detail, to avoid obscuring aspects of the DA and DA 
Manager. 

[0026] FIG. 1 is a block diagram of a system 100 includ 
ing client devices With a DA Manager, under an embodi 
ment. The system 100 of an embodiment is a ?le upgrade 
system 100, but is not so limited. Generally, the ?le upgrade 
system 100 includes a ?rst computer system 102, or host 
system, and one or more second computer systems including 
client devices or computers 122. The host system 102 and 
the client devices 122 each include at least one processor 
104 and 124, respectively, operating under program control, 
but are not so limited. The host system 102 and the client 
devices 122 communicate via a communication path 199. 
These computer systems 102 and 122 include any collection 
of computing devices operating together, as is knoWn in the 
art. The computer systems 102 and 122 can also include 
components Within a larger computer system. 

[0027] The processor 104 of the host system 102 couples 
among a database 106 and a ?le differencing algorithm 114, 
under program control. Alternatively, various other compo 
nents of the host system 102 can couple among the processor 
104, the database 106, and the ?le differencing algorithm 
114 and provide ?le updating functions under program 
control. While one processor 104, one database 106, and one 
?le differencing algorithm 114 are shoWn, various alterna 
tive embodiments include any number and/or type of each of 
these components coupled in various con?gurations con 
templated by one skilled in the art. Further, While the 
processor 104, database 106, and ?le differencing algorithm 
114 are shoWn as separate blocks, some or all of these blocks 
can be monolithically integrated onto a single chip, distrib 
uted among a number of chips or components of a host 
system, and/or provided by some combination of algo 
rithms. The ?le differencing algorithm 114 can be imple 
mented in softWare algorithm(s), ?rmWare, hardWare, and 
any combination of softWare, ?rmWare, and hardWare. The 
term “processor” as generally used herein refers to any logic 
processing unit, such as one or more CPUs, digital signal 
processors (“DSPs”), application-speci?c integrated circuits 
(“ASIC”), etc. 

[0028] LikeWise, the client devices 122 of an embodiment 
include a processor 124 coupled among a device memory 
130, under program control. The device memory 130 
includes a RTOS 132 (also referred to herein as a “main 
program 132”), one or more images 300, a Device Memory 
Manager (“DMM”) client 500 (“DMM client”), and an 
upgrade client 126. The images 300, also referred to herein 
as softWare images or binary images, are executable ?les, 
and include one or more embedded softWare components 

(“EBSCs”) EBSCl-EBSCN, reserved memory areas 320, 
and a Centralized DA Manager 310, also referred to herein 
as a “DA Manager 310”. A binary image can generally be 
composed via link time operations by different components. 
A softWare component like the EBSC is an independently 
built binary image With functions that are specially grouped 
together by design. While the DA Manager 310 is shoWn as 
a component of the image 300, the DA Manager can be a 
component of the DMM client 500, the upgrade client 126, 
and/or any other component of the client device 122. 

[0029] Alternatively, various other components of the 
client device 122 can couple among the processor 124 and 
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the device memory 130 and provide ?le updating functions 
under program control. While one processor 124 and one 
device memory 130 are shoWn, various alternative embodi 
ments include any number and/or type of each of these 
components coupled in various con?gurations contemplated 
by one skilled in the art. Further, While the processor 124 and 
device memory 130 are shoWn as separate blocks, some or 
all of these blocks can be monolithically integrated onto a 
single chip, distributed among a number of chips or com 
ponents of a host system, and/or provided by some combi 
nation of algorithms. The algorithm or applications of the 
device memory 130 can be implemented in softWare algo 
rithm(s), ?rmWare, hardWare, and any combination of soft 
Ware, ?rmWare, and hardWare. The device memory can 
include any number and/or combination or memory types 
including ROM and random access memory (“RAM”), but 
is not so limited. 

[0030] The communication path 199 includes any medium 
for communicating or transferring ?les among the computer 
systems 102 and 122. Therefore, this path 199 includes 
Wireless connections, Wired connections, and hybrid Wire 
less/Wired connections. The communication path 199 also 
includes couplings or connections to netWorks including 
local area netWorks (“LANs”), metropolitan area netWorks 
(“MANs”), Wide area netWorks (“WANs”), proprietary net 
Works, interof?ce or backend netWorks, and the Internet. 
Furthermore, the communication path 199 includes remov 
able ?Xed mediums like ?oppy disks, hard disk drives, and 
CD-ROM disks, as Well as ?ash memory, Universal Serial 
Bus (“USB”) connections, RS-232 connections, telephone 
lines, buses, and electronic mail messages. 

[0031] The host system 102 and the client devices 122 
each include an original version 110 of an electronic ?le, 
referred to herein as the original ?le 110 or the old ?le. The 
host system 102 stores the original ?le 110 in a database 106 
or other memory area or combination of memory areas or 

devices, but is not so limited. The client devices 122 store 
the original ?le in device memory 130 for use in operation. 

[0032] At such time as a softWare provider upgrades the 
original ?le 110, for eXample to provide additional func 
tionality or to ?X a softWare bug, a neW version 112 of the 
electronic ?le is generated. The neW version 112 of the 
electronic ?le is referred to herein as the neW ?le 112. The 
neW ?le 112 is generally an updated or revised version of the 
original ?le 110, but is not so limited. The softWare provider 
transfers the neW ?le 112 to the host system 102. 

[0033] The electronic ?les 110 and 112 include softWare 
?les including dynamic link library ?les, shared object ?les, 
EBSCs, ?rmWare ?les, executable ?les, data ?les including 
heX data ?les, system con?guration ?les, and ?les including 
personal use data, but are not so limited. Since any type of 
?le can be regarded as a byte stream, hereafter a ?le can be 
described as a byte stream. 

[0034] Components of the host system 102 including at 
least one processor 104 receive and process the neW ?le 112 
in order to generate upgrade information for use in upgrad 
ing the original ?les hosted on the client devices 122. In an 
embodiment, the processor 104 generates an upgrade ?le 
118 for use in transferring information of the upgrades to the 
client devices 122. The upgrade ?le 118 can include a 
difference ?le that codes differences betWeen the neW ?le 
112 and the original ?le 110 or, alternatively, can include any 
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number and/or combination of components or modules of 
the neW ?le 112. The host system 102 provides the upgrade 
information to the client devices 122 via transfer of the 
upgrade ?le 118 over the communication path 199. 

[0035] In embodiments Where the upgrade ?le 118 
includes a difference ?le, components of the host system 102 
including the processor 104 and the ?le differencing algo 
rithm 114 process a comparison betWeen the neW ?le 112 
and the corresponding original ?le 110, thereby calculating 
the differences betWeen the neW ?le 112 and the original ?le 
110. The ?le differencing algorithm 114 generates the dif 
ference ?le during the comparison and Writes information of 
the difference ?le to the upgrade ?le 118. 

[0036] The upgrade ?le 118 is transferred or transmitted to 
the client devices 122 via the communication path 199. Prior 
to transfer, the upgrade ?le 118 may be compressed using 
any of a number of compression techniques knoWn in the art, 
but is not so limited. 

[0037] Components of the client devices 122 including the 
processor 124 and the upgrade client 126 receive the 
upgrade ?le 118 and control the upgrade of the original ?le 
on the client devices 122 using the upgrade ?le 118. The 
upgrade client 126 of the client device 122 includes at least 
one of a doWnload sub-client (“SC”) (“doWnload SC”), an 
upgrade SC, and a self-upgrade SC (not shoWn), as 
described in the Related Applications, but is not so limited. 
The doWnload SC functions to doWnload or receive upgrade 
?les 118 transferred from the host system 102. The upgrade 
SC uses information of the transferred ?les received from 
the host system 102 to perform upgrades to softWare of the 
client device 122. The self-upgrade SC functions to upgrade 
softWare of the upgrade client 126. The self-upgrade SC of 
an embodiment is stored in a different physical memory 
block or area than either of the doWnload SC or the upgrade 
SC, but is not so limited. The softWare of the upgrade client 
126 includes but is not limited to softWare of the doWnload 
SC, the upgrade SC, and the self-upgrade SC. 

[0038] In an embodiment, the upgrade client 126 pro 
cesses information of the upgrade ?le 118 along With the 
hosted original ?le 110 to generate a copy of the neW ?le in 
the client devices 122. This copy of the neW ?le is subse 
quently used by the upgrade client 126 to upgrade the 
targeted original ?le hosted on the client devices 122. The 
upgrade client 126 of an embodiment uses numerous meth 
ods to update EBSCs depending on the ?le type to be 
updated and the resources allocated by the client device 
manufacturer to support these updates, as described in the 
Related Applications. Upon completion of this update pro 
cess, the original ?le noW stored on the client devices 122 is 
the same as the neW ?le 112 received in the host system 102. 

[0039] Those skilled in the relevant art Will appreciate that 
those functions associated With the upgrade system 100 as 
Well as the other functions and methods described herein 
With reference to the upgrade system 100 can be performed 
by components of the host system 102, components of the 
client devices 122, or distributed among any combination of 
components of the host system 102 and the client devices 
122. Components of the host system 102 and client devices 
122 can be implemented as ASICs, by DSP integrated 
circuits, and/or through conventional programmed logic 
arrays or circuit elements. The embodiments described 
herein can be implemented using any combination of hard 
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ware, ?rmware, and software running on one or more 
processors, where the software can be stored on any suitable 
computer-readable medium, such as microcode stored in a 
semiconductor chip, on a computer-readable disk, or down 
loaded from a server and stored locally at a client. 

[0040] FIG. 2 is a block diagram of an example service 
provider infrastructure 200 including components of the ?le 
upgrade system 100 of an embodiment. In this embodiment 
the service provider infrastructure is described in the conteXt 
of a cellular telephone network or infrastructure, but alter 
native embodiments are not so limited. The service provider 
infrastructure 200 includes, but is not limited to, a Software 
Component Distributor (“SCD”) 202, service provider 
upgrade components 203-205, and an upgrade client 126 
hosted on the client devices 122. The service provider 
upgrade components 203-205 include an upgrade server 204 
coupled among a software component certi?cation server 
203 and an upgrade manager 205. 

[0041] With further reference to FIG. 1, the SCD 202 of 
an embodiment of the service provider infrastructure 200 
includes components or functions of the host system 102. In 
alternative embodiments, the service provider upgrade com 
ponents 203-205 host components or functions of the host 
system 102. In other alternative embodiments the compo 
nents or functions of the host system 102 are distributed 
among components of the SCD 202 and the service provider 
upgrade components 203-205. 
[0042] The service provider infrastructure 200 of an 
embodiment supports numerous types of software ?le or 
component upgrades on client devices 122 including mobile 
electronic devices, mobile communication devices, cellular 
telephones, personal digital assistants, computers, and other 
processor-based devices via the upgrade system components 
and various mechanisms of the service provider’s wireless 
infrastructure. These systems function by receiving new and 
revised software from a software distributor, generating an 
upgrade ?le from the new software, and transferring the 
upgrade ?le to the client devices 122 via the service provider 
infrastructure. The upgrade client 126 of the client devices 
122 uses the upgrade ?le to update the targeted software 
hosted on the client devices 122. 

[0043] The SCD 202 of an embodiment provides a user 
interface by which software providers package and release 
new embedded device software components. Functions of 
the SCD 202 include registering device information and 
submitting device information to the software component 
certi?cation server. Also, the SCD 202 receives new and 
original EBSCs, calculates or generates ?le differences 
using the new and original EBSCs, registers and packages 
embedded software, and submits embedded software pack 
ages to the software component certi?cation server 203. The 
new or revised software, following release, is provided to 
the service provider upgrade components 203-205 via a 
wired, wireless, or hybrid wired/wireless network coupling 
or connection 220, but is not so limited. 

[0044] The SCD 202 of an embodiment is hosted on 
processing systems of the client device manufacturers. In an 
alternative embodiment, the SCD 202 is hosted on process 
ing systems of an application or system software provider. In 
another alternative embodiment, the SCD 202 is hosted on 
processing systems of the service carrier or provider, for 
eXample hosted on or distributed among the upgrade com 
ponents 203-205. 
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[0045] The service provider upgrade components 203-205 
are coupled among the software component distributor 202, 
the client devices 122, and the eXisting components of the 
service provider’s infrastructure 210-218, including the 
eXisting gateway 210 and communication infrastructure 212, 
billing server 214, logging server 216, and authentication 
server 218. 

[0046] The software component certi?cation server 203 
provides an interface to the manufacturers of client devices 
and, thus, receives new device information on embedded 
software packages from device manufacturers. The software 
component certi?cation server 203 also repackages and 
distributes approved software packages to upgrade servers. 

[0047] The upgrade manager 205, while functioning as an 
interface among the software component certi?cation server 
203 and the upgrade server 204, con?gures software and 
data packaging for optimal device management, schedules 
remote change noti?cations, and controls the update policy 
monitor system. Moreover, the upgrade manager 205 pro 
vides integration with the systems of the eXisting infrastruc 
ture. 

[0048] The upgrade server 204 provides capabilities 
including authenticating, connecting, and communicating 
with mobile client devices 122 to perform embedded soft 
ware component upgrades. Communication with client 
devices 122 can occur via couplings 212 with the client 
devices 122 that include wireless couplings, wired cou 
plings, hybrid wired/wireless couplings, and other network 
coupling types, as appropriate to the corresponding service 
provider. In addition, the upgrade server 204 supports exist 
ing billing, data collection, and logging services of the 
service provider. 

[0049] As an eXample of communications among the 
upgrade server 204 and client devices 122, when an upgrade 
?le is available for transfer to a client device 122 from the 
upgrade server 204, the server 204 sends a user noti?cation 
to notify the client device user that there are software 
components available for updating. The user noti?cation can 
take the form of a teXt message via a Short Message Service 
(“SMS”) push protocol, Hypertext Transfer Protocol 
(“HTTP”), or Wireless Application Protocol (“WAP”), but is 
not so limited. Upon receiving con?rmation from the hand 
set users, the upgrade server 304 uses the original handset 
data communication protocol to send the upgrade ?le to the 
requesting device. 

[0050] In response to receipt of the con?rmation from the 
device, the upgrade server 204 authenticates and authoriZes 
the user and/or requesting device, and veri?es prerequisite 
capabilities and limitations of the requesting device. Fol 
lowing authentication the upgrade server 204, as the man 
ager of client device con?guration data, identi?es the current 
versions of embedded software components of the request 
ing device, identi?es and transfers appropriate delta ?les to 
the requesting device, logs the status of the upgrade trans 
action, and reports the results to the upgrade manager 205. 
In addition, the upgrade server 204 activates/deactivates the 
software upgrade service over the air, and noti?es remote 
users of software changes. 

[0051] With reference to FIG. 1, the upgrade client 126 is 
embedded in the client devices 122, but is not so limited. 
The upgrade client 126 stores and maintains con?guration 
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data of the client devices 122, and provides for the mainte 
nance and upgrading of embedded device software compo 
nents. The upgrade client 126 supports a simple user inter 
face and is incorporated into mobile device softWare. Upon 
execution, the upgrade client 126 automatically detects the 
remote change of any embedded softWare components, 
noti?es users of an embedded softWare component upgrade, 
and upgrades a softWare component based on the carriers 
and/or users control, as appropriate for a particular service 
provider. 
[0052] The upgrade system 100 and service provider infra 
structure 200 of an embodiment support numerous types of 
softWare ?le or component update, including updates to 
executable ?les, byte stream ?les, and data ?les, but are not 
so limited. The executable ?les, or image ?les, include 
softWare ?les used in the client device to execute tasks, for 
example the operating system (“OS”), hardWare device 
drivers, and K Virtual Machine (“KVM”) ?les. The byte 
stream ?les include ?les used by other executable ?les, for 
example, icon ?les, logo ?les, and MP3 ?les. Data ?les 
include ?les containing personal use data, and handset 
reference data, for example the calibration con?guration 
?les, the Protocol Independent Multicast (“PIM”) ?les, and 
system con?guration ?les. 

[0053] The upgrade client 126 of an embodiment uses 
numerous methods to upgrade EBSCs depending on the ?le 
type to be upgraded and the resources allocated by the client 
device manufacturer to support these upgrades, as described 
in the Related Applications. These upgrade methods of an 
embodiment include non-critical component updates, criti 
cal component updates, and update client component 
updates, Where these categories are based on the functions 
provided by the softWare components targeted for update. 

[0054] The softWare upgrading generally reduces the time 
required to reWrite the ROM of a host client device through 
the use of techniques that compare the neW version of a 
program With the original version and isolate only the 
changes or differences in the machine code, as described 
above. The upgrade client of the client devices uses infor 
mation of these differences, as received in the upgrade ?le, 
to upgrade the device ROM by reWriting only the differ 
ences, or the parts of the EBSCs or images that have 
changed, instead of reWriting the entire ROM. 

[0055] In addition to the use of upgrade ?les that include 
difference ?les, additional reductions in the siZe of the 
upgrade ?le and the time required to upgrade client device 
programs can be achieved during ?le upgrading using DA 
and the DA Manager. The DA of an embodiment includes 
organiZing code stored in a device ROM into groups of 
related EBSCs. Any references from one component to 
another component are identi?ed and stored in the DA 
Manager along With the location or address of each com 
ponent. The DA Manager is generated during the process of 
linking the EBSCs and is loaded along With the client device 
programs into the client device memory. The DA and DA 
Manager therefore alloW the EBSCs of an image to be 
isolated and built independently. 

[0056] The DA Manager manages component function 
calls, global variable references, and constant variable ref 
erences so as to function as a centraliZed router or sWitch 

board that knoWs the symbol location of each EBSC and 
links EBSCs as required during the execution of the client 
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device programs. Any reference from one EBSC to another 
EBSC is routed via the DA Manager instead of directly 
betWeen the EBSCs. If a component is modi?ed during a ?le 
upgrade, and the upgrade results in a location change of the 
EBSC in ROM, this change is recorded by the DA Manager, 
thus maintaining the integrity of references or linkages to the 
EBSC present in the device programs. 

[0057] The DA Manager described herein runs With an 
ARM processor core or processor hosting the Arm Devel 
oper Suite (ADS) Version 1.2 softWare package for example, 
but alternative embodiments can run on/With a variety of 
other processors. The DA and DA Manager of an embodi 
ment are compatible With numerous embedded system plat 
forms and not just the embedded systems described herein. 

[0058] Anumber of terms are used in the description of the 
DA and DA Manager of an embodiment and, While a 
description of these terms is provided herein as an example, 
the embodiments are not limited to these descriptions. In 
describing the DA and DA Manager, an “image” is an 
executable ?le loaded onto a processor, and is alternatively 
referred to as a “binary image” or a “softWare image”. A 
“section” is a block of softWare code or data of an image. A 
“region” is a contiguous sequence of one to three output 
sections (read only memory addresses (“RO”), read/Write 
memory addresses (“RW”), and Zero initialiZed memory 
addresses (“ZI”) of an image); a region generally maps onto 
a physical memory device such as ROM, RAM, and/or 
peripheral. A “load vieW” is the address of sections and 
regions of an image that has been loaded into memory but 
has not yet started execution. An “execute vieW” is the 
address of sections and regions of an image that has been 
loaded into memory and is being executed. “Scatter loading” 
includes assigning the address and grouping of code and 
data sections individually rather than using single large 
blocks. “RO-CODE” refers to read-only code addresses. 
“RO-DATA” refers to read-only data addresses. “RW 
DATA” refers to read/Write data addresses. “ZI-DATA” 
refers to Zero initialiZed read/Write memory used to hold 
variables that do not have an initial value. “Symdef ?le” is 
a symbol de?nition ?le that includes global symbols and the 
associated ?nial run time addresses. 

[0059] The DA of an embodiment operates to break func 
tion call dependencies by inserting a common component at 
a ?xed location in a DA Manager of the binary image so that 
When function call destination addresses change due to code 
changes, the calling function continues to call the common 
component of the DA Manager, and the DA Manager directs 
the call to the appropriate component in the image. The 
information of the common components of the DA Manager 
are therefore changed in accordance With any function call 
destination address changes to direct function calls to the 
common components to the neW destination addresses. 

[0060] As one example of the component-based memory 
management provided herein, FIG. 3 is a block diagram of 
DA shoWing interactions betWeen the DA Manager 310 and 
the EBSCs EBSC1/EBSC2/EBSC3 of an image 300, under 
an embodiment. As described above, the images of an 
embodiment include softWare components (EBSCs) and at 
least one DA Manager. An image includes linked compo 
nents, Where components like the EBSC include indepen 
dently-built images With functions that are specially grouped 
together by design. As an image is divided into different 
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components, there Will be function calls, global variable 
references, and constant variable references from one com 
ponent to other components, as described beloW. 

[0061] The DA of an embodiment identi?es the function 
calls and global references among the components of an 
image and decouples the dependency betWeen individual 
components so that When softWare upgrades or changes are 
made to an image, only the DA Manager and those compo 
nents that have been modi?ed are upgraded. The DA Man 
ager subsequently controls or manages the inter-component 
activities during execution of the image by managing and 
redirecting the function calls and global references. 

[0062] As one operational example of the DA Manager, 
With reference to FIG. 3, a call 350 in EBSC2 directing 
operation to function 2 of EBSCl calls a component 370 of 
the DA Manager 310. The called component 370 of the DA 
Manager 310 in turn directs operation 352 to function 2 of 
EBSCl. As another operational example of the DAManager, 
a call 360 in EBSCl directing operation to function 1 of 
EBSC3 calls a component 380 of the DA Manager 310. The 
called component 380 of the DA Manager 310 in turn directs 
operation 362 to function 1 of EBSC3. 

[0063] Continuing With the example, When a softWare 
upgrade of the client device necessitates changes to EBSCl 
of the image 300 that results in a location change of the 
EBSCl in memory, for example, the upgrade results only in 
upgrades to EBSCl and upgrades to the components 370 of 
the DA Manager 310 having links associated With EBSCl. 
Consequently, because the DA Manager 310 serves to main 
tain the integrity of references or linkages among the EBSCs 
of the image 300, the DA Manager 310 alleviates any 
requirement to upgrade or reWrite all EBSCs of the image 
300 because of an upgrade to a particular EBSC like EBSCl. 

[0064] In managing the links among the EBSCs of the 
image 300, the DA Manager of an embodiment uses a 
number of techniques to manage different types of global 
references. In particular, the DA Manager manages global 
references including function calls and global variables, but 
is not so limited. 

[0065] The function calls of a component are generally in 
the format of relative offset jump/branch instructions or 
absolute address jump/branch instructions With the destina 
tion offset/address located in one or more other components 
of the image. The binary codes are located at the RO-CODE/ 
text sections that include the read only code addresses. 
Based on the execution vieW addresses and component 
boundary, function calls are classi?ed and handled as either 
inter-component function calls or intra-component function 
calls, as described beloW. 

[0066] Regarding inter-component function calls, and as a 
result of the nature of jump/branch instructions, the DA 
Manager of an embodiment includes a centraliZed jump 
table referred to herein as a Vector Table (VT) to manage the 
inter-component function calls and handle the associated 
redirecting. During execution, a function call from a com 
ponent made to a function located in another component 
results in calling of an entry in the VT, as described beloW. 
The VT then redirects the call to the appropriate location in 
device memory corresponding to the called component/ 
function. Sample ARM mode code of a VT entry folloWs for 
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an inter-component function call, as an example, but the 
embodiment is not limited to this sample code: 

import EBSCZfFnl 
1dr pc,addriEBSC2iFn1 
addrfEBSCZfFnl dcd EBSCZfFnl 

import EBSC3iFn2 
1dr pc,addriEBSC3iFn2 
addriEBSC3iFn2 dcd EBSC3iFn2 

[0067] In contrast to the inter-component function calls, 
the intra-component function calls (function calls to local 
functions Within a component) are not affected by upgrades 
to a component. The intra-component function calls are not 
affected because, as the upgrade results in upgrading of the 
complete component, the component upgrade includes the 
appropriate upgrades to the intra-component function calls. 
Therefore, the intra-component function calls do not go 
through the VT. Furthermore, the call sequence of the 
intra-component function calls is not effected using the VT, 
but the embodiment is not so limited. 

[0068] Turning to global variables and the associated 
references using the DA and DA Manager of an embodi 
ment, there are three subtypes of global variables, including 
global constant variables, global RW variables, and global 
ZI variables. The global constant variables are in the RO 
DATA/.const sections of the image code and, although they 
are referred to as “variables”, they can be referenced from 
device ROM and are not capable of modi?cation at run time. 
The global RW variables are RAM variables that may be 
modi?ed at run time and are set to their initial values during 
system initialiZation. The global ZI variables are also RAM 
variables that may be modi?ed at run time and, in contrast 
to the RW variables, are cleared to a value of Zero (0) during 
system initialiZation. 

[0069] The DA and DA Manager of an embodiment man 
age references to global variables of a component using one 
or a combination of inter-component and intra-component 
global references, also referred to herein as “global refer 
ences”. Regarding inter-component global variable refer 
ences, a global variable reference is different from the 
function call described above because it directly loads the 
content of an address instead of a jump/branch instruction. 

[0070] The DA of an embodiment manages inter-compo 
nent global references using centraliZed locations of the DA 
Manager. Using the centraliZed DA Manager locations, 
every inter-component global constant variable, global RW 
variable, and global ZI variable can be assigned to neW types 
of sections. As an example, the global constant variable may 
be assigned to a neW section referred to as the “globalconst” 
section, the global RW variable may be assigned to a neW 
section referred to as the “globalR ” section, and the global 
ZI variable may be assigned to a neW section referred to as 
the “globalZ ” section. These neW sections/variables are 
then scatter loaded into a centraliZed section at link time, for 
both load vieW and execution vieW. Since it is useful to 
maintain the addresses for variables of unchanged compo 
nents during an upgrade, centraliZed locations make it easier 
to manage and verify the location of the variables thereby 
simplifying the DA Manager building process. 
[0071] The DA and DA Manager of an alternative embodi 
ment manage inter-component global references using 
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access functions. An access function, Which is a Wrap 
function generated at the source code level, converts refer 
ences of global variables to function calls so the VT can be 
employed to handle these references. Situations that are 
suitable for using access functions include those When 
source code is not available, When a change of source code 
is highly undesirable, and When the number of inter-com 
ponent variable references is very limited so no separate 
section is needed. 

[0072] An example of an access function in ?le foo.c is 

[0073] 
[0074] and an example of an access function in ?le foo.c 
or other ?les is 

[0075] interCompGlobalVarA= . . . . 

[0076] Sample ARM mode code of a VT entry folloWs for 
an access function, as an example, but the embodiment is not 
limited to this sample code: 

int interCompGlobalVarA; 

void setInterCompGlobalVarA(int value) 

interCompGlobalVarA = value; 

void readInterCompGlobalVarA(int *value) 

*value = interCompGlobalVarA; 

[0077] When using access functions, the references to 
“interCompGlobalVarA” are changed to use one of the 
access functions above. 

[0078] In contrast to the inter-component variables, intra 
component variables, or local variables Within a component, 
are not affected by upgrades to a component because the 
component upgrade includes the appropriate upgrades to the 
intra-component variables. Therefore, the intra-component 
variables do not go through the globalconst variable/section, 
the globalRW variable/section, and the globalZI variable/ 
section. Furthermore, the reference sequence of the intra 
component function calls is not effected using the global 
const variable/section, the globalRW variable/section, and 
the globalZI variable/section, but the embodiment is not so 
limited. 

[0079] The DA Manager of an embodiment includes an 
image building process for use in generating an image that 
includes a DA Manager. As an example, FIGS. 4A and 4B 
shoW a How diagram 400 for building an image that includes 
a DA Manager, under an embodiment. The DA image 
building procedure generates a highly reliable, error free 
binary image, and the procedure can generally be divided 
into a pre-compilation stage, a post-linker stage, and a code 
generating stage, but is not so limited. The pre-compilation 
stage of the image construction prepares the original build 
ing environment for the DA process. The post-linker stage 
may be run multiple times until an image that includes a DA 
Manager can be reliably generated. The code generating 
stage generates the assembly code for the DA Manager 
component of the image. 

[0080] The building process of an embodiment uses 
resources including an Image Memory Map ?le With Cross 
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Section References information, an original component 
aWare scatter loading ?le, an Original Call Graph ?le, and 
manufacturer object ?les With third party library object ?les. 
Alternative embodiments can use additional resources and/ 
or other types/combinations of resources. Source code ?les 
are not required to be available in order to build an image 
that includes a DA Manager, but source code ?les can help 
the binary image performance and run time resource require 
ment. 

[0081] With reference to the How diagram 400 for building 
an image that includes a DA Manager, components of the 
client device initiate the building process by specifying a 
location in device memory to host the DA Manager, includ 
ing the load vieW and execution vieW of the VT, and the 
global references, at block 402. Components of the client 
device identify inter-component function calls and inter 
component global variable references using information of 
at least one of the original image map ?le, the original 
component-aWare scatter loading ?le, the call graph ?le, and 
the original source code ?le (optional), at block 404. A 
determination is made Whether entries of the DA Manager 
are too large to ?t in the speci?ed location in device memory 
using information of the identi?ed inter-component function 
calls and inter-component global variable references, at 
block 406. The DA Manager is an independent component 
or EBSC that generally occupies one block of memory in the 
client device memory, but is not so limited. 

[0082] If entries of the DA Manager are too large to ?t in 
the speci?ed location in device memory, at block 406, 
rearrangement of components is performed to reduce inter 
component references. The rearrangement of components 
includes regrouping or re-assigning all inter-component 
global constant variables (RO_DATA) to a neW globalconst 
section, at block 450, but is not so limited. A determination 
is made Whether the original source code ?le is available, at 
block 452. If the original source code ?le is available, all 
inter-component global RW variables (RW-DATA) and glo 
bal ZI variables (ZI-DATA) are changed or rede?ned in the 
original source code as external references “extern”, at block 
454. A neW source code ?le (globalInter.c) is generated 
having a centraliZed declaration of the inter-component 
global RW variables (RW-DATA) and global ZI variables 
(ZI-DATA), at block 456. The centraliZed declaration 
includes assigning the global RW variables to a neW glo 
balRW section and assigning the global ZI variables to a neW 
globalZI section, but is not so limited. The scatter loading 
?le is also modi?ed to include the regrouped inter-compo 
nent global constant variables (globalconst) along With the 
globalRW and globalZI sections, and the Make ?le is 
modi?ed, at block 458. FolloWing generation of the neW 
source code ?le (globalInter.c) the neW source code ?le is 
re-compiled, and the object ?le is re-linked, at block 470. 
Operation then returns to specify a location in device 
memory to host the DA Manager, including the load vieW 
and execution vieW of the VT, and the global references, at 
block 402. 

[0083] If the original source code ?le is not available for 
the operations of blocks 454, 456, and 458, as determined at 
block 452, then an access function is generated folloWing 
rearrangement of components to reduce inter-component 
references (block 450), at block 460. The access function 
converts references of the global variables to function calls 
as described above. FolloWing generation of the access 


















